The Kingdom of Saudi Arabia is experiencing an acute shortage of freshwater and is now looking for new water sources. In 2009, domestic water demand was 2,330 million cubic meters (MCM); about 730 MCM domestic wastewater was treated and 325 MCM of the treated wastewater (TWW) was reused. The remaining wastewater is typically discharged into the Arabian Gulf, Red Sea, sand dunes and wadis.
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standards (Hoekstra & Chapagain ) . In Saudi Arabia, availability of natural surface water is almost zero. The possibility of polluting water sources from wheat waste is minimal. As such, the grey water footprint may not be applicable for Saudi Arabia, which lowers the total water footprint to (2,991-325) ¼ 2,666 m 3 /ton of wheat. Based on the data, water requirement per ton of wheat was assumed to be in the range of 2,318-2,666 m 3 , with an average of 2,492 m 3 /ton.
RESULTS

Domestic wastewater production
The population, water consumption, water demand and domestic wastewater generation in Saudi Arabia are presented in Table 3 . Table 3 shows that the total domestic 
Comparison of cost
Costs of TWW reuse in Saudi Arabia are presented in . Using this rate, costs of using 1,631 MCM of DW are shown in Table 4 . The estimates
show that the cost of using DW was 28.7% (À9-66%)
higher than the cost of TWW reuse. On average, reuse of 1,631 MCM of TWW might save US$0.67 billion/yr when compared to the use of DW.
Wheat production
The estimated wheat production from TWW reuse is presented in Table 5 . Wheat production in Al-Riyadh, water for wheat production (Table 5) . If wheat can be produced in these regions, there will be an opportunity to reuse TWW for its irrigation. A feasibility study for producing wheat in these regions might assist in better wheat production is likely to be higher than the presented estimate. However, better understanding is required of the performance of TWW in the context of wheat production.
FEASIBILITY OF TWW REUSE: A FRAMEWORK
The results show that Saudi Arabia has high potential for TWW reuse. TWW reuse is more costly than the groundwater, but it costs much less than DW. Agricultural productivity of TWW is likely to be higher than freshwater, possibly, due to increased nutrients and minerals in TWW. The case study for the city of St Petersburg, Florida, USA Similar findings were observed near the Dhahran and 
Social acceptance
In 1979 reported quantitative evaluation of social acceptance for TWW reuse. As such, this study completely depends on experts' view on this issue. However, through a comprehensive sampling programme, social evaluation can be quantitatively determined in future. Upon availability of such information, the evaluation of TWW reuse can be updated.
Framework construction
Evaluation of reuse of TWW requires understanding of diverse factors and their tradeoffs. To evaluate TWW reuse, a multistage hierarchy framework is proposed in Figure 1 .
The overall System Index (SI) in level 1 (L1) is defined by (a). Cost (a 1 ), risk (a 2 ), benefit (a 3 ) and social acceptance (a 4 ) were considered to be the main criteria in this framework (L2 in Figure 1 ). These criteria were further broken into different level sub-and basic criteria. The steps of fuzzy evaluation are:
• Defining basic criteria and construction of hierarchy framework;
• obtaining membership grades;
• developing priority matrix;
• generating more generalized attributes by aggregation;
• defuzzification.
Defining basic criteria and hierarchy framework 
Obtaining membership grades
Consider the basic criterion, a 31 (cost savings in reusing TWW), which needs to be assessed while no precise data Table 8 . These are then normalized and the relative matrix is formed in such a way that:
As an illustration, consider a 3 (benefits of using TWW).
It has three sub criteria: cost savings in reusing TWW (a 31 ); production increase from reusing TWW (a 32 ); and environmental quality protection by lowering TWW discharges into the natural environment (a 33 ). From pairwise comparison, the experts' judgments are assumed as follows: a 31 is less important than a 32 at a ratio 3:4 and a 32 is more important than a 33 at a ratio 4:3. In the priority matrix, The fuzzy aggregation for any criterion (say, a 3 ) is obtained as:
This procedure is continued till the final fuzzy set for the SI (L1) is obtained. (Chen & Hwang ) . The centroidal method is one of the most widely used approaches for defuzzification. The method can be expressed as:
where, a and b are the intervals of integration. The centroid value determines the status of the TWW reuse through considering multiple criteria.
APPLICATION OF THE FRAMEWORK
The framework was applied to evaluate a hypothetical TWW reuse scenario. The basic criteria in the framework (Figure 1 ) are the input variables for evaluating TWW reuse. In Figure 1 Three experts in the relevant fields were requested to provide their linguistic evaluation for different basic criteria and their pairwise importance following Figure 3 and Table 8 respectively. The membership grades for the basic criteria are shown in Table 9 . In assigning the pairwise importance, three experts assigned three different values for the basic, sub and main level criteria. Averages of these values were determined. The average values of pairwise importance are shown in Table 10 . It is to be noted that availability of experts to assign the values for different basic criteria can be a concern. If field data are available, it is advisable to use the field data. However, if the field data are imprecise or inconclusive, obtaining judgments from the experts is another option. The assignments from three or more experts may provide better evaluation than one expert. Following the procedure described above, the fuzzy sets for the main criteria were obtained as: 
The centroid shows that the overall status of reusing TWW is between the 'fair' and 'good'. However, it can be noted that the assignments of pairwise importance can significantly affect the overall ranking for TWW reuse. To better explain such effects, sensitivity analyses were performed using different values of pairwise importance for the main criteria (Table 10 ). In the first sensitivity analysis, each of the main criteria was assigned equal importance (W1). In the second analysis (W2), risk was given much higher priority than cost. In the third analysis (W3), cost was given much higher importance than risk. For W1, W2
and W3, the overall centroids were obtained to be 0.58, 0.69 and 0.51 respectively. This indicates that the overall status is likely to be between fair and good for W1, good for W2 and fair for W3. The sensitivity analyses demonstrate that when risk is given higher importance, the status of TWW reuse improves. If cost is given higher importance, the status moves the other way. Prioritizing the goals, the managers, stake-holders and/or the decision-makers can better evaluate the status of the TWW reuse. Further, the data were assigned arbitrarily by the invited experts. Upon availability of field data, the evaluation can be further improved in future.
The framework presented here can be used by the water resources management professionals, environmental engineers, decision-makers and stake-holders. The frameworks presented a case study on TWW reuse in Saudi Arabia.
However, with appropriate modification/adjustment and identifying study-specific sub, basic and main criteria, the application of the framework can be extended to other cases, such as drinking water treatment approach selection and solid waste management. A similar framework can be adopted for complex analysis with diverse criteria in the other regions/countries. 
